With the aid of the known Bäcklund transformation, starting from given solutions, we consider complicated exact solutions to the cubic nonlinear Schrödinger (NLS) equation, finally, some multiple periodicsoliton solutions, envelope periodic-soliton solutions and envelope multiperiodic-soliton solutions are first constructed.
Introduction
It is commonly acknowledged that the Schrödinger equation
1 This work was supported by Chinese Natural Science Foundation Grant (11261001) and Yunnan Provincial Department of Education Research Foundation Grant (2012Y130). 2 Corresponding author play an outstanding role in physical problems such as nonlinear optics, water waves, plasma physics, quantum mechanics, superconductivity and BoseEinstein condensate theory [1, 2, 3] . Because the complicated exact solutions are more closely related to the sophisticated physical phenomena governed by the nonlinear evolution equations, the exact solutions to equation (1) and further advances in the construction of exact solution have received much attention [4, 5, 6, 7] . Specially, some complex travelling wave solutions are constructed by the direct algebraic methods [8] , three ansätze of transformations for the NLS equation are used to construct a series of exact solutions [9] , many kinds of envelope breather solutions and envelope breather lattice solutions are obtained [10] , the simple Bäcklund transformation is also used for a complicated soliton solution to equation (1) [11] , however it's analytical multi-wave solutions are insufficient, there are only few touched in [10, 11] . Now, consider the ZS/AKNS system defined in the form [12, 13] 
and
with Φ = Φ(x, t, λ) = ϕ 1 ϕ 2 , where λ is the complex spectral parameter, and q must satisfy the integrability condition (1) . When σ 1 is defined by
is called Bäcklund transformation for equation (1) , and q is a new solution generated from the old solution q to equation (1) . Some researchers further point out that [14] 
is a solution of the ZK/AKNS system based on q , and
is a new solution generated from q , with σ 2 =φ
2. Multiple periodic-soliton solutions generated from trivial solution If q = 0, then the ZK/AKNS system reads
As Φ t = −2iλΦ x , setting ξ = x − 2iλt + c, we can assert that
and system (8) have the same solutions, where c is an arbitrary constant. By the eigenvalue method, the general solution to system (8) is given by
where c 1 , c 2 are arbitrary constants. For convenience, we set λ = a + ib, η = −2a(x + 4bt + c), θ = 2(bx + 2b
Combining (4) with (9), we obtain
substituting σ 1 into (5) gives envelope soliton solutions
The two bright soliton solutions have been well known [3] , but, our interest is concentrated on new solutions associated with them. Without loss generality, we first construct the general form of q , substituting (5) into (7) gives
At the same time, from (6), we get
Substituting σ 2 into (11), we obtain
. (12) When q = 0, choosing c 1 = 1, c 2 = 1 and c 1 = 1, c 2 = −1 in (9), respectively, and compounding (9), (10) with (12), we obtain the following multiple periodic-soliton solutions
,
3. Envelope multiple wave solutions generated from nontrivial solution When q = e iζ , ζ = βx + (β 2 − 2)t + c, the relative ZK/AKNS system reads
together with
where β is a real constant. Because the system (13) is simpler than (14) , then (13) is written as ϕ 1x = λϕ 1 + e iζ ϕ 2 , ϕ 2x = −e −iζ ϕ 1 − λϕ 2 , which lead to the ordinary equations
Only setting λ = iβ 2 + a, a ∈ R , we can solve the two characteristic roots to equation (15): (15) and (16), the general solution to system (13) is given by
Obviously,
is also a solution to (13) , where c 1 (t), c 2 (t) are undetermined functions. Substituting (17) into (14), we solve c 1 (t) = c 1 e
In the case of |a| > 1, the general solution to system (13) and (14) is given by
In the case of |a| < 1, another general solution to system (13) and (14) is given by
When |a| = 1, repeating the same procedure, we obtain the general solution to system (13) and (14) Φ = e ( iβ 2 2
For convenience, we set u = 2
As |a| > 1, set c 2 = 1, from (18), we get
substituting (21) into (5) yields envelope periodic-soliton solutions to NLS equation
Choosing c 1 = 1, c 2 = 1 and c 1 = 1, c 2 = −1 in (18), respectively, and substituting (18), (21) into (12), we obtain envelope multi-periodic-soliton solutions
and also
Simally, when |a| < 1, we obtain envelope periodic-soliton solutions from (19) 
